We are studying seed and fruit-borne fungi in Thailand and in this paper report on species of Tainosphaeria, Thozetella and Chaetosphaeria from Fabaceae seed pods and decorticated wood, collected in Chiang Mai and Phang-nga provinces. Phylogenetic analysis of combined LSU, ITS and TUB sequence data provides evidence for new species of Thozetella and Chaetosphaeria. These new taxa are introduced and compared with closely related species in these genera. We provide a morphological and illustrated account of Chaetosphaeria panamensis isolated from Pinus twigs as a first record for Thailand.
Introduction
The hyphomycetous genus Thozetella Kuntze was introduced by Kuntze (1891) based on T. nivea (Berk.) Kuntze. The genus presently includes 19 epithets (Index Fungorum 2016) and is characterized by sporodochial or synnematous conidiomata, phialidic conidiogenesis, and aseptate conidia, with unbranched setula at each end and sterile microawns (Sutton & Cole 1983 , Paulus et al. Hyde 2004 . Thozetella species have been reported from soil and decaying plant parts in terrestrial and freshwater habitats from temperate and tropical regions (Morris 1956 , Agnihothrudu 1958 , 1962 , Waipara et al. 1996 , Sivichai et al. 2002 , Allegrucci et al. 2004 
DNA isolation, amplification and analyses
Genomic DNA was extracted from fungal colonies growing on MEA or directly from the fruiting bodies on the natural substrate, using the Ezup DNA Extraction Kit (Sangon Biotech, Shanghai, China) according to the manufacturer's protocol. Partial 28S large subunit nrDNA (LSU), the internal transcribed spacer (ITS) and partial β-tubulin (TUB) were amplified using the primer pairs and PCR protocols listed in Table 1 . PCR was performed in a 25 μl reaction volume containing, 12.5 μl 2×PCR Master Mix (TIANGEN Co., China), 9.5 μl ddH2O, 1 μl DNA (<1 μg) and 1 μl of each primer (10 μM). PCR products were viewed on 1% agarose gels and stained with ethidium bromide. Purification and sequencing of PCR products were done by Invitrogen Biotechnology Co. Ltd., Beijing, China. To ensure the integrity of the sequences, both directions of the PCR products were sequenced using the same primer pairs as used in PCR amplification. A consensus sequence for each gene region was assembled in ContigExpress (Vector NTI Suite 6.0).
The sequences generated in this study were supplementary with the additional sequences obtained from GenBank (Table 2 ) selected based on recent publications on this group (Crous et al. 2012 , Maharachchikumbura et al. 2015 . The sequence data were aligned online with the MAFFT v. 7 server (http://mafft.cbrc.jp/ alignment/server/) and manually adjust using MEGA6 v. 6.0 where necessary (Tamura et al. 2011) . Phylogenetic analyses were based on Bayesian inference (BI) and maximum likelihood (ML) analysis. ML analyses was performed using RAxML GUI v. 1.3 (Silvestro & Michalak 2011) . The optimal ML tree search was conducted with 1 000 separate runs, using the default algorithm of the program from a random starting tree for each run. The final tree was selected among suboptimal trees from each run by comparing likelihood scores with the GTRGAMMA nucleotide substitution model. Bayesian analysis was performed using MrBayes v. 3.2.0 (Huelsenbeck & Ronquist 2001) . The best-fit evolutionary models for phylogenetic analyses were selected separately for LSU, ITS and TUB gene regions using MrModeltest v. 2.2 (Nylander 2004 ). The GTR+I+G model was selected for each gene separately, and incorporated into the analysis. Two parallel analyses of each consisting of six Markov Chain Monte Carlo (MCMC) chains, run from random trees for 5 000 000 generations were sampled every 100 generations resulting in 20 000 total trees. The first 10 000 trees, representing the burn in phase of the analyses were discarded from each run. The remaining trees were used to calculate posterior probabilities (PP) in the majority rule consensus tree. ML bootstrap values (>50%) (ML) and Bayesian posterior probabilities (>90%) (PP) are provided ( 
Infundibulomyces cupulata
•Ex-type strains are in bold.
Results

Phylogenetic analyses
Phylogenetic analysis of combined LSU, ITS and TUB sequence data was carried out to clarify the phylogenetic placement of our strains within Chaetosphaeriaceae ( Table 2) . The combined LSU, ITS and TUB dataset consisted of 99 isolates representing 86 species including two outgroup taxa. The aligned dataset comprised 2236 characters (LSU: 1-799, ITS: 800-1303 and TUB: 1304-2236) including gaps. The Bayesian inference yielded trees with similar topologies to support the same terminal clades as obtained from maximum likelihood analysis. The ML trees generated from RAxML are illustrated in Fig 1. In the phylogenetic analysis, our isolate MFLU 16-2644 clustered together with the ex-type strain of Tainosphaeria siamensis, and formed a sister group to T. crassiparies, which is the generic type. Tainosphaeria, which is basal to Thozetella, is phylogenetically related to Thozetella in the phylogenetic tree (Fig 1) . The new isolate Thozetella fabacearum clusters within the genus and is closely related to T. falcata, T. cristata and T. havanensis in the phylogenetic tree. New species Chaetosphaeria garethjonesii shows a greater phylogenetic affinity to C. albida and C. bombycina (Fig 1) . Our newly collected strain MFLUCC 15-1011 clustered with the ex-type strain of Chaetosphaeria panamensis (SMH3596) (100% ML/PP). Chaetosphaeria jonesii (MFLUCC 15-1015) clustered with the C. tropicalis (SMH1267), being close to C. lateriphiala F.A. and C. sylvatica (Fig 1) . Saprobic on dead wood. Sexual morph -Ascomata 180-230 µm diameter, 195-285 µm high, scattered, sparse, superficial, not collapsing when dry, reddish-brown to dark brown, setose, roughwalled, papillate. Setae scattered over entire ascomata, dark brown, stiff, pointed, 60-85 µm long. Peridium 28-45 µm thick, with cells of textura globosa in surface view, 2-layerd in longitudinal section, inner layer 6-10 cells thick, comprising small, brown to dark brown, elongate to polygonal cells, with setae arising from inner layer, outer layer 4-6 cells thick, composed of large isodiametric to polygonal, brown to dark brown cells. Paraphyses 4-4.8 µm wide at the base, tapering towards the apex, numerous, septate. Asci 120-140×10-11.3 (x ̅ = 130.8×10.6, n = 10) µm, 8-spored, unitunicate, arising from the basal hymenium, cylindrical, rounded at the apex, with a J-, apical ring. Ascospores 60-73×3-4.1 (x ̅ = 68.2×3.5, n = 20) µm, filiform, loosely fasciculate, straight or slightly curved, 7-septate, without constrictions at the septum, rounded at both ends, apical end broader than the basal end, hyaline, smooth walled. Asexual morph from the culture -colonies on MEA cream coloured to light brown. Conidiophores macronematous, mononematous, flexuous, septate, branched, smooth, pale to moderately brown. Conidiogenous cells 4.3-5.3×1.5-2.1 µm, phialidic, flask-shaped to clavate, arising on septate, brown conidiophores, hyaline to light brown, guttulate, terminating with a flared conspicuous, cup-shaped collarette. Conidia 14.6-17×10-14.8 (x ̅ = 15.6×12.3, n = 20) µm, enteroblastic, hyaline, 1-celled, globose to subglobose or ellipsoid, guttulate. Aleuriospore-like cells absent.
Culture characters -Twenty-one day old colonies on MEA, 55-58 mm diameter, mostly immersed, with floccose superficial hyphae, margins effuse, light brown from above, reverse dark brown, producing asexual morph after 60 days of incubation in the dark at 28 °C.
Material examined -THAILAND, Chiang Mai Province, garden of Mushroom Research Center, on decorticated twig of Pinus (Pinaceae Spreng. ex F.Rudolphi), 12 July 2015, R.H. Perera, RHP 116 (MFLU 16-1014), living culture, MFLUCC 15-1011.
Notes -Our newly collected strain (MFLUCC 15-1011) clustered with the ex-type strain of Chaetosphaeria panamensis (SMH 3596), collected from wood fragment in Panama. The ascomata, size of asci, ascospores and asexual morph of our strain is typical of C. panamensis in the shape and size (Fernández & Huhndorf 2005 ) and the ITS molecular data is identical to SMH3596, which is the only gene available for the ex-type. Here, we provide additional LSU, ITS and TUB sequence data for the species. This is the first record of C. panamensis for Thailand. Etymology -In honor of E.B.G. Jones for his work on marine fungi. Saprobic on a Fabaceae seed pod. Sexual morph -Ascomata brown to dark brown, not collapsing when dry, ovoid to broadly obpyriform, 191-250 µm diameter, 240-257 µm high, superficial, scattered to gregarious, setose, slightly papillate. Setae scattered over entire ascomata, dark brown, stiff, pointed, 38-47 µm. Peridium cells 21-59 µm thick, with cells textura globosa in surface view, 3-layered in longitudinal section, with inner layer 2-3 cells thick, composed of light brown to hyaline elongate cells, with middle layer 4-6 cells thick, composed of small, brown to dark brown, elongate to polygonal cells, with outer layer 2-3 cells thick, composed of large isodiametric to polygonal, brown cells. Paraphyses 5.6-8.6 μm wide, of variable length, simple, sparse, hyaline, unbranched, tapering towards the apex, septate. Asci 120-152×10.7-13.3 (x ̅ =137×12 µm, n = 20) μm, 8-spored, unitunicate, cylindrical, pedicellate, with rounded apex, with a thin, J-, apical ring. Ascospores 63.3-75×2.3-3.7 (x ̅ = 69.5×3.1 µm, n = 30) μm, fasciculate, straight to gently curved, with rounded ends, slightly tapering to base, 7-septate, sometimes slightly constricted at septa, hyaline, smooth-walled, without a gelatinous sheath. Asexual morph -Undetermined.
Chaetosphaeria garethjonesii
Culture characters -Twenty-one day old colonies on MEA 60-76 mm diameter, flat, lacking aerial mycelium, margins effuse, dark brown at margins, gray to white at the center from above, reverse dark brown.
Material examined -THAILAND, Chiang Mai Province, on a Fabaceae seed pod, 19 July 2015, R.H. Perera, RHP 115 (MFLU 16-1019, holotype), ex-type living culture, MFLUCC 15-1012.
Notes -Chaetosphaeria garethjonesii is a distinct species in the genus as supported by molecular and morphological characters. In the phylogenetic tree, C. garethjonesii is sister to C. albida T.J. Atk. et al. and C. bombycina T.J. Atk. et al. (Fig 1) . Chaetosphaeria garethjonesii differs from C. albida and C. bombycina in ascomatal morphology. Chaetosphaeria albida and C. bombycina are characterized by almost white or light fawn-grey, translucent or reflective ascomatal with walls lacking setae, while C. garethjonesii has brown to dark brown ascomata with setose, rough walls (Atkinson et al. 2007 ). Ascospore septation in C. albida is also less than that in C. bombycina (7 vs. 11; Atkinson et al. 2007 ). (Fig 1) . However, the ascomata (102-250×142-263 µm), asci (69-90×8.5-11 µm) and ascospores (16.2-17.7×2.8-3.6 Saprobic on seeds and wood. Sexual morph -Undetermined. Asexual morph -Colonies on natural substrate, effuse, superficial, hairy, dark brown, in groups. Conidiophores mononematous, macronematous, subcylindrical, flexuous or straight, septate, unbranched, brown, becoming light brown towards the apex, smooth-walled, tapering to a terminal single phialide, 5-6.4 µm at the base. Conidiogenous cells phialidic cylindrical to clavate, light brown, smooth walled, with a periclinal thickened, flared, collarette. Collarette funnel-shaped, 4-6.2 µm wide at the opening, hyaline. Conidia 17.5-20.5×3.2-3.4 (12.5×1.8) µm, enteroblastic, naviculate to fusiform or cylindrical, equilateral, hyaline, both ends obtuse to subobtusely rounded, sometimes basal end truncate, with single setula at both ends, 7.8-9.1 µm long.
Chaetosphaeria jonesii
Culture characters -Cultures were not obtained. Material examined -THAILAND, Chiang Mai Province, on a Fabaceae seed pod, 20 December 2015, R.H. Perera, DeloL 8 (MFLU 16-2644).
Notes -DNA was extracted directly from the colonies growing on the natural substrate. Phylogenetic analysis of combined LSU, ITS and TUB sequence data confirms our strain clusters with the ex-type strain of Tainosphaeria siamensis which was isolated from Thailand (Liu et al. 2016) . It is similar to the ex-type strain of T. siamensis in conidiophore morphology, conidial size and shape. Tainosphaeria siamensis resembles the asexual morph of T. crassiparies, in terms of similar conidiophore morphology and conidial appendages. It can be distinguished from the latter by equilateral (vs. inequilateral) larger conidia (vs. 10.5-14.8×2-3 µm) and conidiogenesis (phialidic vs. percurrent) (Fernández & Huhndorf 2005 , Liu et al. 2016 Etymology -Referring to the host family, Fabaceae. Saprobic on a Fabaceae seed pods. Sexual morph -Undetermined. Asexual morph from the natural substrate -Colonies effuse, superficial, sporodochial, white. Sporodochia cylindrical or subulate, scattered, sessile, superficial, of cream white mass. Microawns 33-60 µm long, 3-5.3 µm wide, visible as small hairs in mass on the natural substrate, aseptate, smooth-walled, thick-walled, hyaline, variously-shaped, sigmoid or sickle-shaped, sometimes L-shaped. Conidia 13.2-17.2×1.9-2.4 (x ̅ = 15.5×2.1 µm, n = 30) µm, falcate, inequilateral, with rounded apical end, truncate at basal end, hyaline, smooth-walled, with a single filiform setula at each end, 3.6-9 µm long. Asexual morph from the culture -Conidiomata funnel-shaped, synnematous, abundant, elongated, brown to dark brown, with hyaline to ash apices, branched. Conidiophores macronematous, brown, cylindrical, septate, branched, densely compacted along the synnemata axis, smooth-walled. Conidiogenous cells 1.7-2.8 µm wide, phialidic, hyaline, smooth-walled, thick-walled. Microawns 32.8-56.4 µm long, 1.7-2.7 µm wide, aseptate, smooth-walled, hyaline, variously shaped, predominantly L-shaped, sometimes sigmoid or sickle-shaped. Conidia 11.6-14.7×2.2-3.4 (x ̅ = 13.3×2.6 µm, n = 20) µm, naviculate to fusiform or ellipsoid, inequilateral, with rounded apical end, truncate at basal end, hyaline, smooth-walled, with a single filiform setula at each end, 2.1-3.4 µm long.
Culture characters -21 day old colonies on MEA 35 mm, margins effuse, gray to dark-brown, flat, lacking aerial mycelium, producing synnemata after 150 days of incubation in the dark at 28 °C, reverse dark-brown to black. Notes -In this paper, we introduce Thozetella fabacearum as a new species which was collected from Phang-nga Province, Thailand. Maximum likelihood and Bayesian analyses of combined LSU, ITS and TUB sequence data (Fig 1) showed that T. fabacearum is closest to T. falcata B.C. Paulus et al. and T. cristata only has ITS sequence data for comparison. Therefore, it is not well-separated from Thozetella fabacearum in the phylogeny. However, T. fabacearum can easily be distinguished from T. falcata by the conidiomatal morphology and shorter microawns (33-60 vs. 40-95 µm) (Paulus et al. 2004) . Thozetella fabacearum produce sporodochia on the natural substrate and synnemata in the culture, while T. falcata and T. cristata produce synnemata on the natural substrate. Thozetella tocklaiensis (Agnihothr.) Piroz. & Hodges is the only Thozetella species producing sporodochia on the natural substrate and synnemata in culture (Barbosa et al. 2011 , Paulus et al. 2004 ). However, T. fabacearum differs from T. tocklaiensis in having larger conidia (13.2-17.2×1.9-2.4 vs. 9-13×1.5-3 µm) and smaller microawns (33-60×3-5.3 vs. 18-38×1.5 µm) (Agnihothrudu 1958 , Pirozynski & Hodges CS Jr 1973 . Although, the microawns size in T. fabacearum and T. cristata overlap, T. fabacearum differs in having larger conidia (13.2-17.2×1.9-2.4 µm as compared to 11.5-14.5×2.3-2.7 µm in T. cristata) (Barbosa et al. 2011) . 
Discussion
Fabaceae (legume family) is the third largest family of flowering plants which is diverse and cosmopolitan (Gepts et al. 2005) . They are economically important as legume crops, medicinal plants and fodder (Gepts et al. 2005 , Gao et al. 2010 . Fabaceae members are associated with rhizobial symbionts and play important role in the environment by fixing nitrogen (Gepts et al. 2005) . The fruit pod is composed of a single seed-bearing carpel that splits open along two seams. Legume pods contain cellulose, hemicelluloses and lignin which can also provide substrates for fungal growth (Paula et al. 2011) . Two new taxa Tainosphaeria crassiparies and Cirrenalia nigrospora were described from seed pods of Hymenaea and Delonix regia respectively (Somrithipol et al. 2002 , Fernández & Huhndorf 2005 . Moreover, a number of chaetosphaeriaceous taxa (ie. Chloridium macrocladum (=Gonytrichum macrocladum), Chloridium sp., Dictyochaeta sp., Sporoschisma nigroseptatum, S. saccardoi, S. hemipsila and Thozetella nivea) have been isolated from Fabaceae seed pods in Thailand (Somrithipol et al. 2002) .
The family Chaetosphaeriaceae M.V. Locq. was proposed without any description by Locquin (1984) to accommodate five genera including Chaetosphaeria, Zignöella Sacc, Niesslia Auersw., Rhagadostoma Körb, and Loramyces W. Weston. This was not considered as a validly published family (Hawksworth & David 1989 -Art. 36.1, Grueter et al. 1994 . Réblová et al. (1999) therefore re-introduced the family based on Chaetosphaeria Tul. & C. Tul., to accommodate six other genera: Ascocodinaea, Melanochaeta, Melanopsammella, Porosphaerella, Porosphaerellopsis and Striatosphaeria. Réblová et al. (1999) maintained Chaetosphaeriaceae in Sordariales based on morphology. Huhndorf (2004) placed the family in Chaetosphaeriales, based on LSU sequence data. Subsequently more genera were added to the family and, currently, there are 38 accepted genera (Index Fungorum 2016 , Liu et al. 2016 , Maharachchikumbura et al. 2016 . Maharachchikumbura et al. (2016) noted the taxonomic confusion of genera in the family and the importance of a monograph with molecular support for accepted genera.
In this study, we introduce one new species of Thozetella, two new species of Chaetosphaeria, and one new record of Chaetosphaeria for Thailand. Here we illustrate Tainosphaeria siamensis, which is the first record on Fabaceae seed pods. Fungal identifications are based on morphology and analysis of combined LSU, ITS and TUB sequence data. Thozetella fabacearum is distinct from other Thozetella species, since it produces sporodochia on natural substrates and synnemata in vitro on MEA. This has only been observed in Thozetella tocklaiensis (Agnihothr.) Piroz. & Hodges (Paulus et al. 2004 , Barbosa et al. 2011 . Chaetosphaeria species seems to be polyphyletic within the family, and these finding are similar to those obtained by Jeewon et al. (2009) and Crous et al. (2012) using ITS and LSU sequence data. The generic type strain of Chaetosphaeria (C. innumera) lacks ex-type sequence data. Therefore, it is essential to re-collect, epitypify (sensu Ariyawansa et al. 2014 ) and sequence the types of genera to resolve the phylogenetic confusion.
